Background. Rosmarinic acid is a phenolic compound widely distributed in Labiatae herbs such as rosemary, sweet basil, and perilla, which are frequently used with meat and fish dishes in Western and Asian countries. In the present study we investigated the effects of rosmarinic acid on cultured murine mesangial cell Fig. 
Introduction
cell proliferation may be promising for the treatment of various types of mesangioproliferative glomeruRosmarinic acid (Figure 1 ) is a widely distributed lonephritides. phenolic compound in various Labiatae herbs [1, 2] capable of inhibiting mesangial cell proliferation and Evaluation of cell viability suppressing mRNA expression of PDGF and c-myc.
Cell viability was evaluated measuring the extent of MTT reduction by the cells, and by the amount of lactate dehydrogenase (LDH ) released from the cells. In the assay using MTT, mesangial cells grown in 96-well plates (1×104
Subjects and methods
cells/well ) were incubated in the medium described above containing rosmarinic acid for 24 h. The cells were subMaterials sequently incubated in the medium containing 0.5 mg/ml MTT for 4 h. An equal volume of 0.04 N HCl in isopropanol Rosmarinic acid was purchased from Extrasynthése (Genay, solution was then added to each well to dissolve formazan France). Recombinant human PDGF-BB homodimer, crystals; optical density at 570 nm was measured. In another TNF-a, and insulin were purchased from Gibco BRL experiment, mesangial cells grown in 96-well plates (3×104 (Gaithersburg, MD, USA), Genzyme (Cambridge, MA), cells/well ) were incubated for 48 h in the medium containing and Eli Lilly (Indianapolis, IN ) respectively; 3-(4,5-rosmarinic acid. The medium was then collected and the dimethylthiazol-2-yl )-2,5-diphenyl tetrazolium bromide cells were lysed with 1% Triton X-100 in PBS. LDH activity (MTT ) was purchased from Nacalai Tesque ( Kyoto, Japan). in the medium or cell lysate was measured with an LDH assay reagent ( Wako Pure Chemical Industries, Osaka, Japan). The percentage of released LDH was calculated from the ratio of LDH activity in the medium related to the sum
Mesangial cell culture
of the LDH activity in the medium and cell lysate.
Murine mesangial cells were prepared according to the method of MacKay et al. [10] . Briefly, glomeruli were Evaluation of cell-cycle dependency isolated from 10-20-week-old female Balb/c mice (Shimizu Laboratory Materials, Kyoto) by sieving, and were then In order to evaluate the cell-cycle dependency, quiescent cultured in 100-mm culture dishes (Iwaki Glass, Funabashi, mesangial cells were incubated with 10 ng/ml PDGF for Japan) which were coated with human fibronectin ( Koken, 24 h. Rosmarinic acid (final concentration, 5 mg/ml ) was Tokyo, Japan). The culture medium used was a 351 mixture added to the medium at 0, 2, 4, 8, or 16 h post-PDGF of Dulbecco's modified Eagle's medium and F12 (Gibco administration.
[3H ]Thymidine (1 mCi/well ) was added at BRL) supplemented with 20% heat-inactivated fetal calf 20 h and the cells were further incubated for 4 h.
[3H ] serum (FCS, Biowhittaker, Walkersville, MD), 100 U/ml Thymidine incorporation into the cell nucleus was measured penicillin, and 100 mg/ml streptomycin (Gibco BRL). as mentioned above. Control cells were treated with PDGF Mesangial cells surrounding the glomeruli were removed without rosmarinic acid. Another experiment was carried using cloning rings and passed to 24-well plates (Iwaki). The out according to the method of Shirotani et al.
[11], using identification of mesangial cells was based on the following PDGF as a competence factor, which transfers cells from characteristics: appearance of spindle shape; positive staining the G 0 to the G 1 (G 0 /G 1 ) phase, and insulin as a progression with phalloidin (Molecular Probes, Junction City, OR); factor, which transfers cells from the G 1 to the S (G 1 /S) negative staining with an antibody to cytokeratin ( Triton phase. Quiescent mesangial cells were stimulated with Biosciences Inc, Alameda, CA) or to von Willebrand factor 10 ng/ml PDGF for 2 h and the cells were then washed with (Dakopatts, Glostrup, Denmark), and survival in medium serum-free culture medium, followed by stimulation with containing -valine as a substitute for -valine (Gibco BRL). 30 mg/ml insulin for 22 h. At each stimulation, 1 or 5 mg/ml The cells at passages 5-15 were used for the experiments.
rosmarinic acid was added.
[3H ]Thymidine was applied for the last 4 h, and the radioactivity was measured as above.
RNA purification and northern blot analysis Cell proliferation assay
After mesangial cells had been seeded into fibronectin-coated Mesangial cells were grown in 100-mm dishes until subconfluent and then growth-arrested for 48 h in FCS-free medium. 24-well plates (2×104 cells/well ) and incubated with 20% FCS medium for 96 h, the cultures were synchronized by After stimulation with 10 ng/ml PDGF together with 5 or 25 mg/ml rosmarinic acid for 20 h, total RNA was extracted 48-h FCS depletion. Quiescent cells were stimulated for 24 h with 10 ng/ml PDGF or 100 U/ml TNF-a in 0.5% FCS by the acid guanidinium-phenol-chloroform method [12] .
After the separation of 10 mg of RNA by 0.66  medium, together with one of several different concentrations of rosmarinic acid. Twenty hours after stimulation was formaldehyde/1% agarose gel electrophoresis, the RNA was transferred to a nylon membrane (Biodyne, Pall Bio Support, begun, a pulse of 1 mCi/well of [3H ]thymidine (NEN Products, Boston, MA) was added to the culture. To measure East Hills, NY ). A 32P-labelled cDNA probe was prepared with the Megaprime DNA labelling system (Amersham Life the amount of radioactivity incorporated into the nuclei of cells, the cultures were washed with phosphate-buffered saline Sciences, Buckinghamshire, UK ). Hybridization for glyceraldehyde-3-phosphate dehydrogenase (GAPDH ) was used to (PBS, 0.01 M, pH 7.2), followed by 5% trichloroacetic acid in PBS. The precipitates were then lysed with 1 N NaOH in normalize for any differences in RNA loading. The following cDNA probes in plasmid vectors were used: murine PDGF-B 0.02% sodium dodecyl sulphate (SDS). Radioactivity was measured with a liquid scintillation counter (Beckman, Palo cDNA, from Dr Daniel F. Bowen-Pope ( University of Washington School of Medicine, WA); c-myc and GAPDH Alto, CA). Triplicate cultures were used in all assays, and the results are shown as radioactivity (c.p.m.) or the ratio of were obtained from American Type Culture Collection (Rockville, MD). Hybridization was performed at 65°C for the radioactivity in the rosmarinic acid-treated group to the untreated group. The experiments were repeated at least 12 h and the membrane was then autoradiographed. The radioactivity of the corresponding bands was quantitatively three times, and similar results were obtained each time.
measured by a Fuji BAS 2000 Bio-Image Analyser (Fuji respectively. In other experiments to confirm cell viaFilm Co., Tokyo). After the radioactive probes were stripped bility, we measured the reducing activity of the cells off the membranes, rehybridization for the GAPDH probe on MTT and the LDH activity released from the cells was performed. The experiments were repeated three times to the medium. As shown in Table 1 angial cell DNA synthesis when added at 0, 2, 4, and 8 h but not 16 h after the addition of PDGF ( Figure 3) . Another experiment using PDGF as a competence a-induced proliferations were 1.4 mg/ml and 3.8 mg/ml Effect of rosmarinic acid on the expression of PDGF and both PDGF-and TNF-a-induced mesangial cell prolifc-myc mRNA eration. Since rosmarinic acid inhibited mesangial cell proliferation induced by different mitogens, the inhibit-PDGF is known as an autocrine mediator of mesangial ory effects may involve mechanisms independent of cells after exogenous PDGF stimulation [8] . The the mitogens and their trans-receptor signalling modes. expression of PDGF mRNA induced by exogenous Cell proliferation is a complex phenomenon involving 10 ng/ml PDGF for 20 h was significantly decreased the interaction of growth factors with cell membranes, by the addition of 5 or 25 mg/ml rosmarinic acid by 40 the successive phosphorylation of various proteins in and 29% respectively, as determined by the densito-the cytoplasm, and the regulation of the cell cycle metric analysis of autoradiographs from Northern at the nuclear level [13] . To investigate the site(s) at blots. The expression of c-myc mRNA was also signi-which rosmarinic acid acts in signal transduction, we ficantly decreased by 5 and 25 mg/ml rosmarinic acid, conducted a time-course study in which rosmarinic by about 62 and 40% respectively, after a 20-h acid was applied to mesangial cells several hours after incubation with PDGF ( Figure 5 ).
Results
PDGF stimulation, and we found that rosmarinic acid was effective when added up to 8 h after the stimulus.
Discussion
Early signal transduction pathways usually occur within minutes to 1-2 h after the addition of a stimulus in vitro, as has been shown for the induction of In the present study, we found that rosmarinic acid, which is widely distributed in Labiatae herbs, inhibited phospholipid hydrolysis, phosphorylation pathways, mesangial cell proliferation in both the G 0 /G 1 and G 1 /S phases, the effect being slightly more pronounced in the G 1 /S phase. These results suggest that in the process of cell proliferation, rosmarinic acid might regulate DNA synthesis both in early and in late signal transduction.
In mesangial cells, exogenous PDGF can induce autocrine PDGF mRNA expression, which is considered to stimulate further proliferation in mesangial cells. The proto-oncogene, c-myc is a central regulator of cell proliferation closely linked to the cell cycle machinery [16 ] , and is rapidly induced by mitogenic growth factors such as PDGF [17] . The present Northern blot analysis at 20 h after exogenous PDGF stimulation indicated that rosmarinic acid suppressed the expression of PDGF and c-myc mRNA in a dosedependent manner. Recent studies revealed that reactive oxygen species act as cellular signals in PDGFinduced mitogenesis, and these include the expression of the proto-oncogenes c-fos and c-myc [18] . Since rosmarinic acid has potent anti-oxidative activity [6 ] , this compound might suppress c-myc mRNA expression by scavenging reactive oxygen species induced by exogenous PDGF stimulation. PDGF is produced in PDGF-stimulated mesangial cells as an autocrine factor, which is considered to further stimulate mesangial cell proliferation. The suppressive effects of rosmarinic acid on PDGF and c-myc mRNA expression would contribute to its anti-proliferative activity on mesangial cell.
The leaves of perilla contain at least 0.3% weight of rosmarinic acid [2] . For example, if 5 g of fresh leaves are consumed, more than 15 mg of rosmarinic acid would be ingested, absorbed through the gastrointestinal tract, and circulated in the serum in an unmetabolized chemical structure [19] . This dose per body weight nearly corresponds to the concentrations used Fig. 5 . Effects of rosmarinic acid on PDGF-induced mRNA expres-in our in vitro study. Our recent study revealed that sion of PDGF and c-myc of mesangial cells. Quiescent mesangial oral administration of rosmarinic acid suppressed cells were incubated with 10 ng/ml PDGF in the absence or presence glomerular cell proliferation and infiltration in rat of 5 or 25 mg/ml rosmarinic acid for 20 h, and RNA was subsequently thy-1 nephritis [20] . Therefore, the use of Labiatae extracted and analysed by northern blot. (A) mRNA expression of PDGF, c-myc, and GAPDH. Lane 1, control; lane 2, rosmarinic herbs may be a promising way for protection against acid (5 mg/ml ); lane 3, rosmarinic acid (25 mg/ml ). The signal chronic aggravation of renal diseases.
intensities of mRNA expression were quantified, and changes in the
In conclusion, we found that rosmarinic acid exhibsignal intensities of PDGF (B) and c-myc (C ) relative to GAPDH ited antiproliferative effects in cultured murine mesangare shown.
ial cells and suppressive effects on PDGF and c-myc mRNA expression. It is tempting to speculate that rosmarinic acid in Labiatae herbs is a promising agent and oncogene expression [14] . Our present results suggest that rosmarinic acid did not inhibit DNA to prevent mesangioproliferative glomerular diseases. synthesis at the S phase but rather suppressed the entry
